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Several topics concerning the light hadron spectrum are discussed. Flavor symmetry breaking effects and the
problem of quenched chiral logarithm are examined with pion mass data for the Kogut-Susskind quark action,
and light meson decay constants for the Wilson action calculated with non-perturbative renormalization constants
are discussed. Results for quark masses are also given both for the Kogut-Susskind and Wilson actions.
1. Introduction
In this report we discuss several issues concern-
ing the light hadron mass spectrum in quenched
QCD with the Kogut-Susskind (KS) and Wilson
quark actions. For the KS action we use data
generated in our BK measurements in the range
β = 5.7 − 6.4 [1]. The Wilson data come from
fB [2] and BK [3] measurements at β = 5.9−6.3.
We refer to refs. [1–3] for simulation details, con-
centrating here on physics issues.
2. Flavor breaking with the KS action
Spectral quantities for the KS action are ex-
pected to have flavor breaking errors of O(a2).
For the pion spectrum in physical units this
means that
m2
pi(NG) = Bmq +O(m
2
q)
m2
pi(non-NG) = Λ
4a2 +Bmq +O(m
2
q)
to leading order in a, where Λ denotes the
symmetry-breaking scale, NG means the Nambu-
Goldstone channel γ5⊗ ξ5 and non-NG any other
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channels. An interesting implication is that the
mass splitting ∆mpi = mpi(NG) − mpi(non-NG)
should vanish linearly ∆mpi = O(a) at mq = 0,
while the behavior should change to ∆mpi =
O(a2) for fixed and finite values of mq satisfy-
ing Bmq ≫ Λ
4a2. These predictions are con-
firmed in our data as shown in fig. 1, where we
take pi(γ5γ4⊗ξ5ξ4) for the non-Nambu-Goldstone
pion. This conforms the result of a similar test
made previously [4].
3. Quenched chiral logarithm
The Nambu-Goldstone pion mass for the KS
action offers a good testing ground for the predic-
tions of quenched chiral perturbation theory [5].
We fit our data for mpi(γ5⊗ξ5) for equal and un-
equal quark masses to the form (fit-1),
(mpia)
2 = A(m1 +m2)a
[
1− δ·
{
log
2Am1
Λ
+
m2
m2 −m1
log
m2
m1
}]
+ C4(m1 +m2)
2a2 + C5m1m2a
2.
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Figure 1. ∆mpi = mpi(γ5γ4⊗ξ5ξ4) − mpi(γ5⊗ξ5) as
a function of a. Lines are linear (mq = 0) or
quadratic (mq= 50 MeV) fits.
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Figure 2. Parameter δ extracted from the
Nambu-Goldstone pion as a function of mρa. See
text for details.
The quadratic terms are added since fits with only
the logarithm term become untenable as β in-
creases beyond β = 6.0. Fits are also made in
which the quark masses inside the logarithm are
corrected by a constant shift to take into account
the non-Nambu-Goldstone nature of η′ in the KS
formalism (fit-2).
We find both types of fits to be acceptable, and
the resulting δ reasonably stable as a function of
lattice spacing as shown in fig. 2. In this sense
our data are consistent with the presence of the
quenched chiral logarithm. The magnitude of δ,
δ = 0.05−0.07 for fit-1 and δ = 0.08−0.1 for fit-2,
however, is a factor 2–3 smaller than is expected
in the real world δ ≈ 0.2.
4. Light Quark Masses
Continuum extrapolations of light quark
masses have been recently discussed by several
authors [6,7]. In fig. 3(a) we plot our results for
m = (mu + md)/2 in the MS scheme at µ =
2 GeV for the Wilson (solid circles) [2] and KS
(bursts) [1] actions. Results for the strange quark
mass determined from mφ are shown in fig. 3(b)
(estimates from mK are not shown, being essen-
tially ms ≈ 26m). Our results are obtained by a
2-loop running of tadpole-improved MS masses
at the scale 1/a calculated with αV (1/a). The
lattice spacing is fixed by mρ.
For the Wilson action our results show a
weaker a dependence compared with those of
other groups, albeit errors are large and the lat-
tice size used is rather small (La ≈ 1.9fm). As a
result, the agreement of Wilson and KS results af-
ter continuum extrapolation is less apparent (cf.
ref. [7]). We note, however, that the one-loop
renormalization factor for the KS action has a
large value of almost two in the range of our data.
Higher order corrections might well bring the re-
sults for the KS action into agreement with those
of the Wilson action.
5. Meson decay constants for the Wilson
action
Determination of hadronic matrix elements of-
ten suffers from uncertainties in renormalization
factors. An exceptional case is the vector meson
decay constant f−1V for which the renormalization
constant ZV for the local vector current can be
precisely determined non-perturbatively with the
use of the conserved current [11]. For our Wilson
runs at β = 5.9, 6.1 and 6.3 [2], we obtain ZV=
0.532(4), 0.595(3) and 0.640(4), respectively.
In fig. 4 we plot f−1V as a function of (mpi/mρ)
2
for the three β values using the non-perturbative
ZV as well as the tadpole-improved perturbative
result ZV = (1−0.82αV (1/a))/(8Kc). We find an
almost perfect scaling with the non-perturbative
estimate of ZV as was noted previously [9], while
the perturbative Z factor gives results signifi-
cantly varying with β.
Making a linear extrapolation of the non-
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Figure 3. (a) Average of up and down quark
masses in the MS scheme at 2 GeV. Representa-
tive Wilson results from other groups [8–10] recal-
culated with the same procedure are also shown.
(b) Strange quark mass estimated from mφ.
perturbative results in mρa, we obtain f
−1
ρ =
0.270(25) and f−1φ = 0.239(10) in the contin-
uum limit. These values are in a good agreement
with the experiment f−1ρ = 0.287(7) and f
−1
φ =
0.234(3). For comparison use of perturbative ZV
leads to the results f−1ρ = 0.255(27) and f
−1
φ =
0.217(12) which are smaller than the experimen-
tal values by one standard deviation.
For the axial vector current, a non-perturbative
estimate of ZA using chiral Ward identities [11]
gives ZA = 0.741(9), 0.751(11) and 0.822(19) for
β=5.9, 6.1 and 6.3 [3]. Using these results and
data from ref. [2] we obtain in the continuum
limit fpi = 132(19) MeV and fK = 154(21) MeV.
Estimating ZA by tadpole-improved perturbation
theory, we find fpi = 122(20) MeV and fK =
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Figure 4. Vector meson decay constants for the
Wilson quarks. Open (filled) symbols are those
with tadpole improved (non-perturbatively deter-
mined) Z factors.
144(18) MeV. Both methods give results consis-
tent with experiment within errors.
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